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REFLECTED (REF) METER M1; _ Indicates 
reflected power in watts. "SET''s forward to 
reflected ratio. Indicates standing wave 
ratio. 


SENSITIVITY CONTROL/BATTERY 
SWITCH R1i/SW5; Checks battery in full 
CCW position with PEP-AVG switch in. Sets 
reference meter (REF) to correct “SET"’ posi- 
tion. 


FORWARD (FWD) METER M2: Indicates 
forward power in watts on 2 scales. Indi- |, 
cates relative strength of transmitted power. 
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SET-FWD SWITCH SW4: In the SET posi- 
tion, meter M1 is positioned to “SET” by 
control R1. At the FWD position, forward |. 
readings are observed on meter M2. 


LOW-HIGH SWITCH SW1: Changes the 
ranges on both meters. BATT SCALE indi- 
cated relative condition of battery or DC 
power source. 


SWR-REF SWITCH SW3: Determines 
whether readings on meter M1 are reflected 
power or standing wave ratios. 


PEP-AVG SWITCH SW2; Set to PEP (in) 
position when transmitting on SSB. Set to 
AVG for other transmitting modes. 
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CIRCUIT BOARD X-RAY VIEWS 


NOTE: To find the PART NUMBER of a component for the purpose of B. Locate this same number in the “Circuit Component Number” 
ordering a replacement part: column of the ‘Parts List.” 
A. Find the circuit component number (R7, C3, etc.) on the “Circuit C. Adjacent to the circuit component number, you will find the 
Board X-Ray View.” PART NUMBER and DESCRIPTION, which must be supplied 
when you order a replacement part. a 


SENSOR CIRCUIT BOARD* 


Shown from Component Side 


*NOTE: This circuit board is inside the sealed Remote Sensor assembly. To 
tamper with the assembly or circuit board may void the Warranty. Page 13 
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(Shown from component side) 
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INTRODUCTION 


The VHF Dual Wattmeter Model HM-2141 measures forward and reflected 
power in transmission lines for frequencies between 50 and 175 MHz. 


This Wattmeter was designed primarily for the Amateur Radio bands 
within the very high-frequency ranges on the six and two-meter bands, and 
for other services which may lie in between the amateur bands. The Watt- 
meter will measure transmissions up to 30 and 300 watts peak-envelope- 
power in the forward direction and up to 100 watts reflected. 


You can power the Wattmeter with a battery for complete portability, or 
with the optional Heathkit Converter Model PS-2350 where 110-volt AC 


power is available (PS-2450 for 220-volt AC power). No additional plug-in 
modules are required to cover the power or frequency ranges. The Wattme- 
ter is housed in a small, attractive, readily portable cabinet. 


A special switching circuit permits you to observe the battery condition at 
any time. The remote sensor can be mounted into the cabinet or up to four 
feet away from the metering cabinet and nearer to the transmitter’s output 
cables. 


If you use only the 9-volt battery to power the Wattmeter, you must pur- 
chase it separately. See Page 11 for additional details. 


Ge-gHEATHKIT? 


PARTS LIST 


Unpack the kit and check each part against the following list. Any part that 
is packed in an individual envelope with the part number on it should be 
placed back in the envelope after you identify it until all parts are accounted 
for. 


The key numbers correspond to the numbers on the ‘‘Parts Pictorial” in the 
separate ‘‘Illustration Booklet” on Page 1. 


To order a replacement part: Always include the PART NUMBER. Use the 
Parts Order Form furnished with the kit. If one is not available, see “Re- 
placement Parts” inside the rear cover of the Manual. Your Warranty is 
located inside the front cover. For prices, refer to the separate “Heath Parts 
Price List.”’ 


KEY HEATH QTY. DESCRIPTION CIRCUIT 
No. Part No. Comp. No. 
RESISTORS 


NOTE: The following resistors are 1/4-watt, 5% tolerance unless otherwise 
noted. 


KEY HEATH QTY. DESCRIPTION CIRCUIT 
No. Part No. Comp. No. 


Resistors (cont’d.) 


Al 6-561-12 4 560 2 (green-blue-brown) R2, R4, R8, R9 
Al 6-102-12 2 1000 2 (brown-black-red) R18, R22 
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KEY HEATH 
No. Part No. 


CABINET PARTS 


D1 90-1223-1 
D2 90-1224-1 
D3 203-1919-2 
D4 205-1588 
D5 261-34 


e 


HARDWARE 


hk moO - =—- — 


QTY. 


DESCRIPTION 


Cabinet top 
Cabinet bottom 
Front panel 
Side trim 

Foot 


NOTE: Hardware packets may be marked to show the size of the hardware 


they contain (HDW #6, for example). You may have to open more than one 
packet to locate all the hardware. The hardware is shown actual size in the 


Parts Pictorial. 


#6 Hardware 
E1 250-56 4 
E2 250-365 2 


E3 250-1157 4 


6-32 x1/4” screw 
#6 x 1/4” hex head screw 
1/4” circuit board spacer 


KEY HEATH 
No. Part No. 


QTY. DESCRIPTION 


#6 Hardware (cont'd) 


E4 250-432 4 
E5 250-89 1 
E6 250-347 2 
E7 252-3 9 
E8 253-21 4 
E9 253-89 1 
E10 254-1 9 
Other Hardware 

Fi 250-49 2 
F2 252-1 2 
F3 252-7 1 
F4 253-10 1 
F5 254-4 1 
F6 254-7 2 


6-32 x 5/16” truss head screw 
6-32 x 3/8” screw 

#6 X 1” sheet-metal screws 
6-32 nut 

#6 flat washer 

#6 D-washer 

#6 lockwasher 


3-48 x 1/4” screw 
3-48 nut 

Control! nut 
Control flat washer 
Control lockwasher 
#3 lockwasher 
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KEY HEATH 


No. Part No. 


RESISTORS, 1/4-WATT, 5% 


6-560-12 
6-222-12 
6-823-12 
6-104-12 
CONTROLS 
10-390 


10-941 


Remote Sensor Assembly (#100-1741) * 


The Remote Sensor Assembly is a sealed unit which contains the following 


not break the seal on the Remote Sensor Assembly; ta do so may void the 


parts. This Assembly has been factory tested and aligned. CAUTION: Do warranty. 
QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT 
Comp. No. No. Part No. Comp. No. 
CAPACITORS — CHOKE 
2 56 2 (green-blue-black) R101, R102 20-100 2 30 pF mica C101, C102 
1 2200 2 (red-red-red) R103 20-102 2 100 pF mica C103, C104 
1 82k (gray-red-orange) X102 31-8 1 1-8 pF trimmer C105 
1 100 kQ (brown-black-yellow) X103 45-606 2 1 UH choke L102, L103 
HARDWARE 
3 20 ka R104, R105, 250-324 2 6-32 x 3/16” screw 
R107 250-56 2 6-32 x 1/4” screw 
+ 100 k9 R106 250-213 8 4-40 x 5/16” screw 
250-475 6 #6 X 3/8” hex head screw 
252-2 8 4-40 nut 


*Shown on Illustration Booklet, Page 3. 
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BATTERY 


You should purchase the following battery at this time for use in your kit: 


One 9-volt transistor battery, NEDA # 1604. 


Representative manufacturers and their type numbers are: 
9-VOLT 


Eveready #216 or # 1222 BATTERY 


Mallory #M1604 : 
Mallory #TR-146X (long life) 
Burgess #2V6 

RCA #VS323 

Hellesens #410 

Varta #438 


The separate ‘Illustration Booklet” contains numbered illustrations (Picto- 
rials, Details, etc.) that are too large for the Assembly Manual. The step-by- 
step assembly instructions will direct you to the proper illustration in the 
Booklet. After you have completed the assembly of your kit, place the 
Illustration Booklet with the Manual and save them for future reference. 
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: TESTS AND ADJUSTMENTS 


( ) Check the REF and FWD meters to make sure each meter pointer is 


Refer to Pictorials 3-1 and 3-2 (Illustration Booklet, Page 8) for the following 
exactly over the meter scale zero (‘‘0’’). If either one is not, adjust the 


steps. 
zero-adjust screw on the front of the meter until the pointer is exactly 
INITIAL TESTS AND ADJUSTMENTS at the ‘‘0” mark. 
( ) Refer to Pictorial 3-1 and, on the front panel of your Wattmeter, turn () Push the PEP-AVG switch in. Check the FWD meter to see that the 
pointer comes to rest in the segment labeled “BATT.” 


the SENSITIVITY control fully counterclockwise until it clicks. 


( } Press the four pushbutton switches once or twice to be sure they are (ay) 
all in the ‘‘out’’ position. 


Turn the SENSITIVITY control fully clockwise. Make sure the PEP- 
AVG switch is in — at the PEP position. 


( ) Seteach of the circuit board controls to the mid-point of their rotation. 
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PICTORIAL 3-3 


Transmit a CW, FM signal; note the reading on the FWD meter. 


Push the PEP-AVG switch to its PEP-(in) position and allow the PEP 
reading a short time to settle. Note the reading on the FWD meter: it 
should be the same as the first reading. If it is not, refer to Pictorial 3-2 
and adjust PEP FWD CAL control R5 until you get the same reading as 
in the previous step. 


Operate the PEP-AVG switch in and out as you perform the preceding 


two steps until the meter indication is the same for both switch 
positions. 


( ) Turn off the transmitter. 


( ) Onthe remote sensor assembly, connect the transmitter output to the 
OUT coaxial jack and the dummy load cable to the IN coaxial jack, 


{ } Set the PEP-AVG switch to AVG (out). 


( } Tune the transmitter to produce a high-scale REF meter reading. Note 
the reading on the REF meter. Reduce the transmitter power if neces- 


sary. 


( ) Push the PEP-AVG switch to the PEP (in) position. If the REF meter 
does not indicate the same reading as in the previous step, adjust 
circuit board PEP REF CAL control R3 until the reading is the same. 


{ ) Operate the PEP-AVG switch in and out as you perform the previous 
two steps until the meter indication is the same for both switch 
positions. Leave the switch in the AVG position. 


( } Turn off the transmitter and disconnect the cables from the remote 
sensor. 


This completes the “Tests and Adjustments” of your VHF Dual Wattmeter. 
Proceed to “Final Assembly. 


Refer to Pictorial 5-1 (Illustration Booklet, Page 10) for the following infor- 
mation. 


The VHF Dual Wattmeter was designed for amateur radio use, in the 
frequency spectrum between 50 and 175 MHZ. The meter will help you: 


@ Tune your transmitter for its optimum output power. 


e Adjust your antenna and antenna tuner for minimum standing 
wave ratios (VSWR). 


@ Provide you with an accurate power measurement when you use a 
good 50-ohm dummy load or 1.1:1 (or less) VSWR antenna. 


The wattmeter can be installed at any point in your transmission line and it 
will indicate the VSWR at that point. It is usually convenient to install the 
remote sensor assembly in the ‘cham shack’’ to measure the VSWR your 
transmitter will “see.’’ Pictorial 5-1 (Illustration Booklet, Page 10) illus- 
trates several examples of amateur stations which incorporate Wattmeters. 


You can obtain the best results with readings that are greater than midrange 
of your Meter. Although you can use the Wattmeter with low-powered 
transmitters, you will get the best results when you use it with transmitters 
that produce 5 watts or more output since its accuracy is specified in 
percent of full scale. 


OPERATION AND INSTALLATION 


CONTROL AND SWITCH FUNCTIONS 


Refer to Pictorial 5-2 (Illustration Booklet, Page 11) for the following infor- 
mation. 


LOW-HIGH switch — This pushbutton switch should be set to LOW (in) for 
all transmitters (or amplifiers) which produce an output of less than 30 
watts (PEP) or 30 watts (AVG). Set the switch to HIGH (out) for output power 
from 30 to 300 watts output (PEP) or 300 watts (AVG). 


PEP-AVG switch — Set this pushbutton switch to PEP (in) for single 
sideband operation. For all other transmitting modes, set the switch to AVG 
(out). IMPORTANT: When the Meter is not in use, set this switch to the AVG 
position; this disconnects the battery circuit. 


SWR-REF switch — Set this pushbutton switch to REF (out) to read the 
amount of reflected power (in watts) directly from the REF meter. Set the 
switch to SWR (in) to take standing-wave readings from the REF meter. 
NOTE: This procedure will be described in ‘‘SWR Measurements” which 
follows. 


SET-FWD switch — Set this pushbutton switch to FWD (out) as you perform 
tuning adjustments or at any time you wish to observe the forward output 
power (in watts) of the transmitted signal on the FWD meter. The SET (in) 
switch position allows you to adjust the SENSITIVITY control to the “SET”’ 
mark on the FWD meter (see ‘‘SWR Measurements’’). 
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FATT TNE 


This drop is usually attributed to inherent conditions in some power 
supplies, especially those in self-contained transceivers, that is, with all 
power being internal to the unit. This is a normal condition; neither the 
transceiver nor the Wattmeter are malfunctioning. 


SWR MEASUREMENTS 


To make standing wave ratio measurements: 
A. Push the SWR-REF pushbutton to SWR (in). 
B. Push the SET-FWD pushbutton to SET (in). 


C. Transmit a CW signal. Turn the SENSITIVITY control and posi- 
tion the REF meter pointer to the “SET” index. 


D. Push the SET-FWD pushbutton to FWD (out). 
E. Read the standing wave ratio (SWR) on the REF meter. 
If you wish to calculate an exact VSWR, refer to the ‘““SSWR Calculator” 


shown in Pictorial 5-4 (Illustration Booklet, Page 12). Follow the instruc- 
tions on the scale and read the SWR directly from the center scale. 


WATTMETER POWER 


You may use either of two power sources in the Wattmeter, or you may use 
both. We recommend an alkaline power cell, NEDA Type #1604 for battery 
power, and you may purchase the optional 9-volt Heathkit Converter Model 
GRA-43-1 if you want to power the Wattmeter without a battery or if you 
wish to use both. 


When you use the Wattmeter away from conventional AC power sources, 
you will need the battery for PEP operation. The battery is easy to install 
into the battery holder on the switch circuit board; merely loosen the four 
side-trim screws, lift the top cover from the Wattmeter, then plug in the 
battery and push the battery down into the battery holder. Replace the 
cabinet top cover and tighten the trim screws. 


When you are close to a conventional source of 120-volt AC power, and if 
you have the Converter, merely plug it into a wall outlet and push the small 
plug into switch circuit board jack J1. NOTE: In the VHF Dual Wattmeter, 
the Converter is used as a Battery Eliminator; it will not charge your battery, 
which is disconnected from the Wattmeter circuits when the Converter is 
connected to J1. 
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Troubleshooting Chart 


The following chart lists conditions and possible causes of several specific 
malfunctions. If a particular part is mentioned (R23 for example) as a 
possible cause, check that part and other components connected to that part 
to see that they are installed and/or wired correctly. Also check for solder 
bridges and poor connections in the surrounding area. It is also possible, on 
rare occasions, for a part to be faulty and require replacement. 


PROBLEM POSSIBLE CAUSE 


Meters inoperative, PEP-AVG switch in AVG position. : Shorting wire still on meters. 
Sensitivity control wiring. 
No RF through remote sensor. 
Sensor cable connections on the circuit board. 


Meters inoperative, PEP-AVG switch in PEP position. : Battery dead. 


integrated circuit U1. 
Solder bridge on circuit board foil. 


Battery check produces no meter movement. : Battery dead. 
Resistor R6. 
Battery switch SW5. 
PEP-AVG switch not set to AVG (out). 


Unable to calibrate PEP circuit. : Solder bridge on circuit board foil. 
Battery weak or dead. 
Check PEP circuit components for correct installation. 
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Mimenstonswoverall Wer are ere eee eae es ee os 7-1/2” wide X 4-1/8" high x 6-3/8" deep. 
(19.1 x 10.5 X 16.2 cm). 


Net Weight ..... ee Ech sree s a tericesie cs ees ae 4 Ibs. (1.82 kg). 


The Heath Company reserves the right to discontinue products and to 
change specifications at any time without incurring any obligation to 
incorporate new features in products previously sold. 


‘sBUl 
3I YMS IO} 1a}SUl 8y} ayeIqI[ed 0} pasn SI Xepul ,.Jag,, JayaUI (pa}oaTja) 
Jy oy} ‘aU yey} }Y “WONISOd YAMS ay} UL SI EMS UaYM EMS YUM UOy 
jun{uoo Ul ATUO pasn st HAAS JO UOT}ISOd LAS 9YL “EMS YOUMS AAY-UMS 
) $JQeJUOD ay} O} LY ONUOD APIANIsUasg YsnoIY) ‘PAKS Ysnosy} Apep 
3jdnoo st Josuas 9y} Wo jnduI JUaLINI-MO] BY], WNIIIO ay} WoL payoeu 
loostp Ajiresodura} St Jeyaul (Mj) PleMIOJ ay] ‘uOTIsod (Ul) [4S au} UI SI 
MS US4M “PMS YIUMS CMA-LAS 0} APJO@LIp paynos ase LMS WO syeusis 


‘(QN0) HOJH 9} Jes 9q prnoys 
MS Yo}yIMs ‘sem O€ }8q} Jeye013 st ramod ay} J] ‘uONIsod (ut) MOT 9} 
} ¥8S Bq P[NOYS LMS YO}IMs ‘s}eMm O¢€ ]8Y} sso] aq 0} UMOUY SI Jo} TWUsSUeQ 
Q Jo ndyno 9u} FI “LMS YIMS HOTH-MOT Y8no1q} pejnos st pue preog 
NOIID YOILMS 3G} 0} paydnod st Josuas ajoWal ay} WOY PeUBIS premio; ay, 


‘parjddns aq [][IM s[lejap JayjANj ‘s}Mo110 OM} By] JO UOTeIedo 
iseq a4} UaeM}eq }SIXe SadUalaTjIp ele AA “s}MIIIO PIeMIOJ ay} JO UON 
uado ay} ure[dxe [[IM am ‘UOISsNdsIp BUTMOTIOJ ay} U] “eONUepr Ajpenqia 
4B Peg FINOIID YO}IMS 84} UO S}INIIIO payajor pue PIEMIOJ BY, “LON 


S.LINDYIO ODNTHOLIMS 


*19}3UHJBAM INCA uO AyURI 
18 29} PIOA WED JOSUaS JJOWAaI 3y} YyIM BuLiaduE} paziioyjneun :payeas 
1 pue ‘payeiqies ‘pausiye A10}5ej 81 Josuas ajoulal ayy, :LNV.LYOdWI 


‘pieog }MOILID YO}IMS 94} JO S}inosi19 yndul ay} 0} afqeo 
d1IM-G & YSNOIY} p9}NOl aie JOSuas a}OWAI BY} WOLJ $9Be}[OA pajesqijeo ay 


‘ayBOS WBM-OOT-O 8} 
IO} SOLY Aq puke ayBOs WeM-OT-0 8Y} JOJ HOLY [oNUOD Aq payeiqiyed A10j0Bj 
st gamod payapjey ‘sj payoayjel oy} ut Ieadde pynom a8e]oa payoarjor 
ou pue oseyd jo yno pue jenbe ynoqge aq [[IM sa8e}[OA 0M} 8} ‘“YMSA 
L:SO'L Ue} SS] Y}IM UO SI ey} ‘peoy poos Araa & YIM “LOLD Joyoedeo pue 
ZOL'T Aq paseily pue LOLG eporp Aq parynoai st a8e}[oA poydures ay} yy 
peuitins sem jey} a8e}[OA paonpul-jUaeLMd (pa}seTjJes) ,,eseyd-jo-}no,, ayy, 


FMIIID PEM-OE-O 9U} 
JO} ZOLY [OQUOD Aq pue JINDIID WeM-YNE-0 94} 1OJ 9OTY [oUOD Aq Aoemno0e" 
%G ULYIIM 0} psyeiqiyeo A10}9ej St JOsUas AY], “FOLD JOWoeded pue EQTy Aq 
pele} [Yj SI pue ZOLC eporp Aq paryij.aI Uay) st sa8e}[OA ay} Jo WINS OY, “LOL'T 
je 83e}[0A 94} YIM PeUlUINs ST oul] UOIssTuIsUeN ay} WOIy Aap paydures 
9BB][0A Y “JUSLINO PY 94} 0} feuOHIOdod ApoarIp si aBe}OA STY J, [109 POO} 
aU} Ul o8e}JOA e SAONpU! JOSUaS ay} YZnoI} BurIssed JeusIs pa}ywsuey 
VY ‘Josuas ajoulal ay} ysnosq} sassed ystym Jemod pajoatje1 pue premio} 
ay} YO JO} yUsueya dnyord yUsLIMO & SI LOL] ‘LOL [!09 pro10} y8no3mg} 
zotf{ yor yndyno 0} LOT{ yoef yndur sjoauuod ayqeo yerxeood pIsiu-rwes y 


YOSNAS ALOWAY 


uoyduosep 
}INIIID BULMOT[OJ By} peas NOA se wleIBeIG] IIeUIaYyIS Ul-pfoj ay} 0} Jojay 


NOILdTdOSACG LINOAIO 


Ge gHreatHKIT? 


Page 37 


When switch SW4 is in the FWD (out) position, the FWD meter is again 
enabled to indicate forward power, while SW3, in the SWR position, indi- 
cates the amount of standing wave apparent at the point the Wattmeter is 
inserted in the transmission line. When SW3 is at the REF (out) position, the 
power reflected through the transmission line from the antenna, dummy 
load, etc., is indicated on the REF meter in watts. 


When switch SW4 is inthe FWD position, the signals coupled from SW1 are 
routed to PEP-AVG switch SW2. If SW2 is set to the AVG (out) position, 
signals are direct-coupled to the FWD and REF meters. When SW2 is set to 
the PEP (in) position, the incoming signals are then routed to the meters 
through the PEP circuits, consisting mainly of four-section integrated cir- 
cuit U1 with its associated components. 


PEP CIRCUITS 


The PEP circuits consist of two sections. The first is a peak detector with 
gain, and the second is a unity-gain buffer network with an offset adjust- 
ment. 


The forward signal is coupled from switch SW1, through SW4 in the FWD 
position, through resistor R23 and the contacts of SW2 in the PEP position, 
and then into the PEP circuit. Resistors R9 and R4 form a 6 dB voltage 
divider while they maintain the equivalent resistance of meter M2 on the 
remote sensor. This preserves the calibration of the sensor. Amplifier IC 
U1C acts as a peak detector when combined with diode D2. There is a 


minimum voltage gain of 1.5 which is adjustable. This adjustment allows 
the gain to be varied so it will duplicate the voltage normally present at 
meter M1 in the AVG mode across capacitor C6 (with some small offset due 
to the effect from the operational amplifier). 


The following stage is a unity-gain buffer into which an offset voltage has 
been summed from resistor R17. This permits any small voltages induced 
by the amplifiers to be balanced out. The result is an exact replica of the 
voltage from the remote sensor to appear at U1D pin 14 with one exception. 
The peak detector will catch and hold the peaks. Hence , ona CW signal the 
PEP reading is the same, but on vocal tones there will bea great difference in 


and resistors R11 and R65. . 


The output from the PEP circuit at IC U1D is routed to the FWD meter 
through switch SW2 and contacts 1, 2, and 3 of switch SW5. 


POWER SUPPLY 


The power for the Wattmeter is taken directly from either a 9-volt NEDA 
Type 1604 battery or from the Heathkit Converter Model GRA-43-1. When 
only the 9-volt battery is connected to the switch circuit board, the closed 
contacts of accessory jack J1 connect the positive and negative battery 
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SEMICONDUCTOR CHARTS 


COMPONENT | HEATH MANUFACTURER’S IDENTIFICATION 
PART NO. NUMBER 


IMPORTANT: THE BANDED END OF DIODES CAN | 
- N4149 


BANDED END 


D101, D102 56-655 1N6263 Vf. ia 
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